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Contribution of the distal tubule to potassium excretion in experimental
glomerulonephritis. The renal adaptations that maintain potassium
homeostasis in diffuse forms of glomerular disease are not well defined.
Thus, handling of potassium by superficial nephron segments was
examined in a rat model of antiglomerular basement membrane nephri-
tis. Sampling the same nephron successively from the end and begin-
ning of the distal tubule and the end of the proximal tubule allowed a
segmental analysis. Despite a 40% reduction in GFR, potassium excre-
tion in the glomerulonephritis animals was normal due to an increase in
FEK. The proximal tubule and loop segment did not contribute to the
enhanced FEK seen in these animals. In contrast, potassium entry along
the distal tubule was significantly greater in the experimental group
averaging 13.7 4.3 pmol/min compared to 1.2 1.7 pmol/min in
controls (P < 0.01). Multiple linear regression analysis showed that
distal tubule potassium entry at any level of flow was enhanced in
glomerulonephritis compared to controls (P < 0.0001). Plasma aldos-
terone levels were similar in both groups of animals. Thus, the
adaptation to potassium excretion seen in glomerulonephritis is partly
achieved by the distal tubule through flow-rate independent mecha-
nisms and appears to be independent of plasma aldosterone levels.
Potassium balance in renal failure is achieved primarily by
augmented renal excretion of potassium [1]. Most experimental
studies designed to investigate these renal adaptations have
utilized focal disease models in which kidney tissue is ablated
leading to hypertrophy of the remaining normal tissue. In these
models of kidney disease, urinary potassium excretion by the
remaining hyperfiltering nephrons increases acutely. Within a
week of 3/4 nephrectomy in the dog [21 and within 24 hours in
the rat [3], urinary excretion of potassium by the remnant
equals that of two normal kidneys. Thus, potassium delivery
out of the remaining nephrons must increase markedly. How-
ever, the nephron sites responsible for this adaptation remain
controversial. Fractional delivery of potassium to the end of the
superficial proximal tubule may be normal [4] or increased [5]
depending on the experimental protocol. The effects of decreas-
ing glomerular filtration rate (GFR) experimentally on fractional
delivery of potassium to the beginning of the distal tubule are
unclear [5]. It has been reported by some [51 but not all
investigators [6, 7] that delivery to this site is enhanced after a
reduction in renal mass. Studies by Kunau and Whinnery [7]
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suggest that there is a significant increase in potassium entry
along the distal tubule when renal mass is reduced. In these
studies, net addition of potassium beyond the superficial distal
tubule was also found. In contrast, studies by Bank and
Aynedjian [61 showed no entry of potassium along the distal
tubule which implies that the increase in potassium excretion
seen in the remnant model of renal disease occurs at sites
beyond the superficial distal tubule. Nevertheless, available
studies suggest that if there is significant potassium entry
beyond the superficial distal tubule segment it most likely
occurs in the cortical collecting tubule since net entry of
potassium cannot be demonstrated in medullary [8] and papil-
lary [5] collecting duct segments of remnant kidneys.
In man most forms of renal disease are diffuse in nature and
would be expected to initially lead to a decrease rather than an
increase in single nephron glomerular filtration rate (SNGFR).
In experimental models of glomerulonephritis, SNGFR is in-
deed found to be decreased [9, 10]. This has two important
implications for the adaptation in potassium excretion. First,
increased filtered loads of potassium per nephron cannot con-
tribute to augmented urinary potassium excretion in every
instance. Second, in contrast to the remnant kidney where
tubule fluid flow rates are increased, they may be decreased in
glomerulonephritis. Under normal conditions an increased tu-
bule fluid flow rate will augment potassium secretion along the
distal tubule [11]. Indeed, the studies of Kunau and Whinnery
[7] suggested that the enhanced distal tubule entry of potassium
in remnant kidneys was due to increased flow. In the only study
in which potassium handling by the renal tubule after induction
of experimental glomerulonephritis [10] was assessed, it was
reported that fractional potassium delivery to the beginning of
the distal tubule was similar in control and experimental ani-
mals, but entry along the distal tubule was increased. However,
in the final urine, though potassium excretion was similar in
fractional terms, due to the marked decrease in GFR in the
glomerulonephritic animals, absolute urinary excretion was
decreased.
The present studies were undertaken to further define the
adaptations to potassium excretion seen in a diffuse form of
glomerular injury, antiglomerular basement membrane (anti-
GBM) glomerulonephritis. The studies in this model of glomer-
ular disease were designed to examine absolute deliveries of
potassium to sites along accessible renal tubule segments on the
surface of the kidney. The present experimental design allowed
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a segmental analysis of the relative contribution of the surface
nephron segments accessible with the technique of micropunc-
ture to this adaptation. Further, a direct evaluation of the roles
of tubule fluid flow rate and plasma were aldosterone on potas-
sium secretion was made.
Methods
Induction of glomerulonephritis
Glomerulonephritis (GN) was induced in male Munich-
Wistar rats weighing 45 to 65 g by injection of rabbit anti-rat
GBM antibody. Glomeruli were isolated by sieving as described
by Krakower and Greenspon [12]. The glomeruli were obtained
and purified by passing the cortex through successive sieves.
The suspension on the last sieve consisted of approximately
90% glomeruli and 10% tubules by visual inspection. The
suspension was sonicated, pelleted by centrifugation and
washed several times. Rabbits were immunized by weekly
injections of a suspension of GBM obtained from seven rat
kidneys in complete Freund's adjuvant. After multiple injec-
tions, the antibody response from individual rabbits was tested
by injecting 1 ml of rabbit serum into a rat. The rat was
sacrificed after 30 minutes and the kidneys snap frozen. Slices
of renal cortex were layered with fluoresceine labeled sheep
anti-rabbit antibody. The serum from those rabbits which
showed 4+ immunofluorescent staining of the glomeruli and
little or no tubule fluorescence were pooled. Glomerulonephri-
tis in rats was induced by the injection of 0.07 to 0.18 ml of this
pooled rabbit anti-rat GBM serum on four consecutive days. In
some rats this was performed via intracardiac injection but in
most a chronic indwelling cardiac catheter was placed on the
first day to facilitate the injections. On days 7, 9, and 11, goat
anti-rabbit serum 0.1 ml was injected to enhance the lesion.
Control rats were treated in a similar fashion receiving injec-
tions of saline on days 1 to 4 and 7, 9, and 11. Rats were allowed
food and water ad libitum until the day prior to study. Micro-
puncture studies were performed 7 to 10 days after completion
of the two series of injections.
Micropuncture methods
On the day prior to micropuncture study, a timed urine
collection was begun for the determination of urinary protein
excretion. At that time, food but not water was withdrawn. The
animals were prepared for micropuncture as previously de-
scribed [13]. Briefly, the rats were anesthetized with mactin
(Promonta, Hamburg, FRG) given intraperitoneally (100 mg/kg
body wt). A tracheostomy was performed and the animals were
placed on a rodent respirator (Harvard Apparatus, Millis,
Massachusetts, USA) and ventilated. An internal jugular vein
and the right femoral artery were catheterized as was the
bladder for the collection of timed urine samples. The kidney
was exposed by a midline abdominal incision. Two hundred and
fifty pCi of 3H-inulin were suspended in 0.9% NaCl and 0.6 ml
was administered as a prime followed by a constant infusion of
this solution at 0.030 mlIminIlOO g body wt. The left kidney was
prepared for surface micropuncture as previously described
[13]. Micropuncture studies were also performed in six addi-
tional control rats as just described except that in these animals
the saline infusion was increased to 0.05 ml/min/l00 g body wt.
Body temperature was determined with a rectal thermometer
and was maintained between 36.5 and 38°C. Arterial samples
and blood pressure measurements were obtained at about 60
minutes intervals. The total amount of blood obtained at each
arterial sampling was approximately 0.1 ml. Two timed urine
collections were made during each study. At the time of the
initial sample of arterial blood, a capillary tube was obtained for
the measurement of blood urea nitrogen (BUN).
Tubule fluid samples were obtained successively along the
same nephron from the end of the distal tubule, beginning of the
distal tubule, and end of the proximal tubule. These sites were
identified by intratubular injection of 5% lissamine green into
random proximal tubules from a micropipette with a small tip (4
to 5 sm O.D.).
In five additional rats with GN and five control rats not
studied by micropuncture, 24-hour urine collections were ob-
tained. Upon completion, blood was obtained for measurement
of plasma albumin and cholesterol content. In another set of
animals prepared as above and maintained on normal rat chow,
plasma for aldosterone was obtained by sacrifice of the animal
between 8 and 10 a.m. in 18 GN and 18 control animals. The
rats were anesthetized and blood was obtained by decapitation.
Plasma aldosterone concentration was also determined by the
method of Grizzle, Dunlap and Stabler 1141 in six experimental
and four control rats prepared as if for micropuncture.
The measurement of the concentration of potassium and
inulin in timed tubule fluid collections allowed the calculation of
SNGFR and absolute and fractional delivery of fluid and
potassium to the sites of collection. Distal tubule pairs were
accepted for inclusion only if the SNGFR measured at the end
distal site differed from the mean of the end proximal and
beginning distal SNGFR by less than 20%. In this manner
collections from points past the confluence of two cortical
collecting tubules could be excluded.
The entry or reabsorption of potassium between sites was
determined using standard formulae. Fractional entry or loss of
potassium along a segment was calculated as the entry or loss
along that segment divided by delivery to the beginning of the
segment.
Tubule fluid and plasma inulin content were determined by
liquid scintillation counting (Packard Tricarb, Downers Grove,
Illinois, USA). The sodium and potassium content of tubule
fluid was measured with a helium-glow photometer (American
Instruments, Silver Springs, Maryland, USA). Arterial pH,
PO2, and pCO2 were monitored with a blood gas microsystem
(Radiometer, Westlake, Ohio, USA) to allow regulation of the
ventilator. Plasma and urine samples were analyzed for sodium
and potassium by flame photometry. Urinary protein was
determined by sulfosalicylic acid precipitation and turbid-
imetry. Plasma cholesterol and urea nitrogen were measured by
autoanalyzer. Plasma albumin was determined using a cominer-
cial kit (Sclavo, Wayne, New Jersey, USA). Plasma aldoster-
one was measured on unextracted plasma [14] using a commer-
cial radioimmunoassay kit (Coat-a-Count, Diagnostic Products,
Los Angeles, California, USA). The kidneys from several rats
were snap-frozen and examined by light and immunofluo-
rescence microscopy (performed by Dr. Sami Iskadar, Depart-
ment of Pathology, St. John's Mercy Medical Center, St. Louis,
Missouri).
Student's t-test for paired data was used to compare values
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Table 1. Weight, blood pressure and plasma parameters in control and glomerulonephritic (GN) rats
Bod
Initial
31 wt g
Final
BP
mm Hg
Total kwt
g
Hct
%
BUN
mg/dI
PNa PK
mEqiliter
Control 54 1 136 4 114 3 1.20 0.04 47 1 17.2 1.5 158 2 4.86 0.11(N = 14)
GN 54 1 124 5 111 8 1.57 0.07 40 I 33.3 2. 154 2 4.82 0.18(N = 14)
P NS <0.005 NS <0.001 <0.001 <0.001 NS NS
Values are mean SE. Abbreviations are: N, number of rats studied in each group; kwt, kidney weight; P, level of significance when the two
groups are compared.
Table 2. Whole kidney function in the two groups of rats
V GFR VIGFR
%
UKV
nmollmin
FEK
%
UNaV
nmollmin
FENa
%td/min
Control 3.98 0.35 1440 63 0.28 0.02 824 76 12.2 1.2 541 127 0.23 0.05
GN 3.33 0.38 873 87 0.41 0.05 700 79 17.1 1.7 132 29 0.10 0.02
P NS <0.001 <0.05 NS <0.05 <0.01 <0.05
Values are mean SE. Abbreviations are: V. urine flow rate; GFR, glomerular filtration rate; VIGFR, fraction of filtered water excreted; UKV
and FEK, absolute and fractional excretion of potassium; UNaV and FENa, absolute and fractional excretion of sodium; P, level of significance
when the two groups are compared.
obtained at sites along the same nephron. Student's 1-test for
unpaired data was used to examine superficial nephron and
whole kidney function and for examining the differences be-
tween the two groups of rats. Multiple linear regression analysis
was performed to determine the factors influencing potassium
entry along the distal tubule [15]. Statistical significance was
taken as P <0.05.
Results
Characterization of the model
Light microscopy revealed a diffuse proliferative glomerulo-
nephritis. Some glomeruli had crescents. Immunofluorescence
examination revealed linear deposition of rabbit IgG along the
basement membrane. Separate non-surgically prepared animals
were used to examine the effects of anti-GBM nephritis on
albumin and cholesterol. In these rats, the BUN concentration
in the control group averaged 12.1 1.4 and 37.4 6.6 mg/dl in
the group with GN. These values did not differ significantly
from the group of animals studied by micropuncture. Urine
protein excretion in the control animals averaged 1.71 0.8 mg
protein/24 hr. In the experimental group the mean value was
100-fold greater (130 42 mg/24 hr, P < 0.02). This group had
a mild nephrotic syndrome as evidenced by a serum albumin
which averaged 1.97 0.08 mg/dl compared to 2.61 0.08
mgldl in the controls (P < 0.001). Serum cholesterol in the GN
group averaged 140 17 mgldl. This was significantly higher
than that seen in controls (84 4 mgldl, P < 0.05).
Plasma values and kidney function in the micropuncture
group
As seen in Table 1, the body weights at the time of the initial
injection of antiserum were similar in the two groups. The rats
with GN gained less weight and consequently their weight at
that time of micropuncture was significantly less than that of the
control group. Blood pressure during the time of the study did
not differ between groups. The combined weights of the right
and left kidneys in the GN group was significantly higher than
that of the control group. Hematocrit was lower in the GN
group, averaging 40% versus 47% in the control group. The
average BUN concentration in the experimental group of 33.3
2.3 mg/dl was nearly double the control value of 17.2 1.4
mg/dl (P < 0,001). The plasma potassium concentration was
similar in the two groups.
As shown in Table 2, the whole kidney GFR in the experi-
mental group was significantly reduced from a control value of
1440 63 to 873 87 .d/min (P < 0.001). Sodium excretion
during the time of micropuncture was lower in the GN group
than in controls consistent with some previous studies in GN
rats [10, 16, 17]. However, urine flow rates did not differ
between the two groups of animals, due to a significantly higher
fractional water excretion in the experimental rats (0.41 0.05
vs. 0.28 0.02% in the controls). Absolute urinary potassium
excretion was similar in the two groups. This was due to a
significantly higher fractional excretion of potassium in the GN
group averaging 17.1 1.7 versus 12.2 1.2% in control
animals (P < 0.05). In both absolute and fractional terms,
sodium excretion was lower in rats with GN than in shams.
Micropuncture results
SNGFR at the different nephron sites is shown in Table 3. In
the control rats the SNGFR measured at the end proximal sites
was significantly higher than that measured at distal sites, as
expected. In rats with GN, mean values for SNGFR obtained at
the end proximal and beginning distal micropuncture sites were
significantly lower than values obtained at these sites in the
control group. There was a similar tendency at end distal sites,
but this difference did not achieve statistical significance. In
contrast to the control rats, SNGFR measurements at proximal
and distal sites were not different in rats with experimental GN.
As expected, tubular fluid potassium concentration at the end
of the proximal tubule was similar in control and experimental
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Table 3. Single nephron glomerular filtration rate at the diiferent nephron sites in the two groups of animals
End Beginning
proximal distal P End distal P
Control rats 25.6 1.8 22.3 1.4 <0.001 19.8 1.5 <0.05
N 20 22 22
GN rats 17.6 1.1 17.5 1.2 NS 17.2 1.5 NS
N 17 18 17
P <0.001 <0.02 NS
Values are the mean SE in al/mm, Abbreviations are: N, number of individual measurements; P, level of significance for the difference between
the two preceding sites of collection.
Table 4. Effect on glomerulonephntis of nephron handling
of potassium
End
proximal
Beginning
distal P End distal P
TFK mM
Control rats 4.6 0.2 2.3 0.2 <0.001 5.7 0.4 <0.001
GN rats 4.5 0.3 2.4 0.2 <0,001 10.1 1.2 <0.001
P NS NS <0.005
TFK
pmol/min
Control rats 80.5 8.1 14.3 2.2 <0.001 15.5 2.2 NS
ON rats 53.0 6.5 12.3 1.2 <0.001 26.4 4.7 <0.01
P <0.02 NS <0.05
FDK %
Control rats 62.3 2.8 13.2 1.6 <0.001 16.0 1.4 NS
GN rats 63.0 5.3 15.1 1.2 <0.001 30.3 4.1 <0.005
P NS NS <0.001
Values are mean SE. TFK, tubule fluid concentration of potassium;
Vtf, tubule fluid flow rate; FDK, fractional delivery of potassium to the
site of micropuncture, P, level of significance for the difference between
the two preceding values.
rats (Table 4). By the beginning of the distal tubule it had fallen
significantly and to the same extent in both groups of animals.
Potassium concentration then rose by the end of the distal
tubule in normal and experimental rats. However, this increase
was greater (P < 0.001) in ON rats and resulted in a higher
potassium concentration in the ON animals than in controls,
averaging 10.1 1.2 m and 5.7 0.4 m respectively (P <
0.005). In absolute terms, potassium delivery to the end of the
proximal tubule in the GN rats was significantly lower than in
controls. In fractional terms, it was similar in the two groups of
rats. Potassium delivery was similar in the two groups of
animals to the beginning of the distal tubule. However, due to
significant entry of potassium along this segment, by the end of
the distal tubule potassium delivery was markedly greater in the
GN rats (averaging 26.4 4.7 pmol/min compared to 15.5 2.2
pmollmin in controls; P < 0.05). In fractional terms, this
difference was striking, averaging 30.3 4.1% in the GN rats
versus 16.0 1.4% in the controls (P < 0.001).
Figure 1 presents a segmental analysis of potassium handling
by the two groups of animals. Absolute reabsorption of potas-
sium along the proximal tubule was significantly less in the ON
group (30.7 5.7 vs. 45.3 3.9 pmol/min in the control group)
due to a reduced filtered load, since fractional reabsorption was
the same in the two groups (37.0 5.3% in ON rats vs. 37.7
2.8% in controls). Along the 1oop segment there was also less
potassium reabsorbed in the ON rats averaging 40.9 5.9 vs.
65.8 6.9 pmollmin in controls. Again, when expressed in
P<0.02
—160
Proximal Loop Distal
tubule segment tubule
Fig. 1. Effect of glomerulonephritis on potassium reabsorption by
individual surface nephron segments in absolute (A) and fractional (B)
terms. Controls are depicted by open bars, ON rats by hatched bars.
terms of delivery, reabsorption by the loop segment was similar
in experimental and control animals. In contrast, there was a
striking enhancement of potassium secretion along the distal
tubule of the GN animals averaging 13.7 4.3 pmol/min
compared to only 1.2 1.7 pmollmin in shams (P < 0.01).
When entry was factored by distal delivery of potassium it was
109 31% compared to only 27 16% in controls (P < 0.02).
Tubule fluid flow rate at the beginning of the distal tubule
averaged 5.5 0.5 ni/mm in ON rats which did not differ
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Fig. 2A. Depicts the relationship between sodium reabsorption along
the distal tubule and the logarithmic mean of the distal tubule fluid flow
rate in controls (0), volume expanded controls (Ll, and glomerulone-
phritic rats (•). The line derived for the control groups (broken line) is
y = 30.lx — 20.2 (r = 0.598, P < 0.01) and for the GN rats (solid line)
is y = 7.35x + 106.5 (r = 0.110, P = NS). B. Depicts the relationship
between potassium entry along the distal tubule and the logarithmic
mean of the distal tubule fluid flow rate in controls (0), volume
expanded controls (U), and GN rats (•). The line derived for the
control groups (broken line) is y = 1 .43x — 2.64 (r = 0.323, P = NS) and
for the GN group (solid line) is y = 8.57x — 17.85 (r = 0.748,P < 0.001).
significantly from control values which averaged 6.1 0.5
nl/min. At the end of the distal tubule, flow rates were also
similar in the two groups of rats averaging 2.5 0.3 nI/mm in
GN rats and 2.8 0.4 nI/mm in controls. Though the mean
values were similar in the two groups, there was a larger
variability in logarithmic mean flow rates in the GN group as
seen in Figure 2. Therefore, in a group of control animals the
maintenance infusion was increased from 0.03 to 0.05
mllmin/100 g body wt to obtain higher distal flow rates. There
was no difference in the relationship between sodium reabsorp-
tion or potassium entry along the distal tubule and the logarith-
mic mean of the distal tubule fluid flow rate in the control
animals and the volume expanded control animals. Therefore,
o these two groups were pooled for analysis. Figure 2 examines
the relationship between flow rate and sodium reabsorption or
potassium secretion in control and GN animals. As shown in
— Figure 2A, there was a relationship between sodium reabsorp-
tion and tubule fluid flow rate in the control but not the GN
animals. In the control rats potassium entry in this segment did
not significantly correlate with tubule fluid flow rate (Fig. 2B).
However, in the GN animals there was a clear relationship
between potassium entry along the distal tubule and flow rate
(P < 0.001). At any tubule fluid flow rate, this entry was greater
(P < 0.005) in GN rats than in control animals.
Multiple linear regression analysis revealed that when the
effects of sodium reabsorption were accounted for, there was a
significant correlation between distal tubule potassium entry
and flow rate in both control animals (P < 0.05) and GN animals
(P < 0.001); this entry was significantly higher in the GN group
(P < 0.0001). Further, there was no correlation between potas-
sium entry along this segment and sodium reabsorption in either
group of animals.
Aldosterone measurements were performed in sets of control
and GN animals treated similar to the ones used for micropunc-
ture both with and without surgical preparation for micropunc-
ture. In the non-surgically treated animals, plasma aldosterone
averaged 18.1 6.4 ng/dl in the GN animals, a value that did
not differ significantly from controls of 22.8 3.6 ngldl.
Aldosterone levels at the end of micropuncture in another group
of GN animals averaged 75.8 15.0 ng/dl and did not differ
from values obtained in control animals of 76.8 28.5 ng/dl.
Discussion
The present studies were undertaken to further define the
adaptations in potassium excretion which occur in diffuse forms
of glomerular injury. To this end, a rat model of nephrotoxic
serum nephritis was utilized. These animals had a reduction in
GFR and marked proteinuria. The proteinuria was significant
and led to a mild nephrotic syndrome with a decrease in plasma
albumin and an increase in plasma cholesterol. As in previous
studies in experimental GN [9, 10], SNGFR was depressed.
Although sodium excretion was reduced in this model, potas-
sium balance was maintained. Thus, this model allowed us to
examine the adaptations in potassium excretion occurring along
the nephron segments accessible to surface micropuncture in a
form of renal insufficiency in which SNGFR is diffusely de-
creased.
The animals in the present study had urinary potassium
excretions which did not differ from control rats despite their
40% reduction in GFR. This was achieved by an increase in the
fractional excretion of potassium. These results are similar to
the results obtained in the remnant kidney model of renal failure
[3, 5—7]. As in glomerulonephritis, potassium balance is main-
tained in the remnant model through changes in the fractional
excretion of potassium. The increase in fractional potassium
excretion seen in the remnant model is postulated to be due in
part to an increase in tubule fluid flow rate [5, 7] which, in turn,
is thought to be partly a consequence of an increase in SNGFR
and a decrease in the proximal reabsorption of sodium and
water [5]. In the present study the adaptations in potassium
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excretion occur despite decreases in filtered load and without
increases in distal delivery of potassium. Rocha, Marcondes
and Malnic (101 examined potassium excretion in GN animals
and reported that it was reduced when compared to the control
animals. This difference may be due to the fact that the GFR of
the GN animals was reduced to a greater extent than in the pres-
ent study.
The proximal tubule did not contribute to the enhancement in
potassium excretion in the GN animals in the present study.
Absolute delivery of potassium to the end of the proximal
tubule was reduced in the GN group due to a decrease in the
filtered load of potassium. Thus fractional delivery potassium to
end proximal micropuncture sites was not different in control
and experimental animals. These results are in agreement with
the result of Rocha et al [101, but are different from studies in
the remnant kidney model where Buerkert et al [5] found that
potassium delivery to the end of the proximal tubule was
markedly enhanced. The increase in end proximal delivery in
that model was due both to an increase in the filtered load and
to a decrease in the fractional reabsorption of potassium in this
renal segment.
In the ioop segment, potassium reabsorption was less in the
GN rats than in the control rats. However, this reduction in
absolute potassium reabsorption was proportional to the reduc-
tion in potassium delivery to this segment (Fig. 1). As a
consequence, absolute potassium deliveries to the beginning of
the distal tubule were similar in both groups of animals. This
again is similar to the results reported by Rocha et al [10]. In the
remnant kidney model, Buerkert et al [5] found that loop of
Henle potassium reabsorption was also proportional to deliv-
ery. However, in their study delivery to the loop of Henle was
markedly enhanced, so ultimately, delivery to the beginning of
the distal tubule was augmented. In contrast, Bank and Ayned-
jian [6] found that fractional potassium delivery to the beginning
of the distal tubule was similar in normal and remnant kidneys.
In the present study, potassium entry along the distal tubule
was greater in GN than in control rats. The tubule fluid
potassium concentration at the end of the distal tubule in GN
rats was nearly double that in controls and consequently so was
delivery. As expected, potassium delivery in both groups was
related to tubule fluid flow rate [11]. However in the GN rats at
any given tubule fluid flow rate potassium entry was enhanced.
The present results are in general agreement with Rocha et al
[10] who found enhanced fractional delivery to the end of the
distal tubule. However, in that study absolute deliveries were
not measured, and most likely potassium delivery in absolute
terms was reduced since filtration rates were markedly lower
than in the present study. These findings contrast to those of
Kunau and Whinnery [7] in the remnant kidney. Those authors
suggested that in the remnant kidney, the enhanced potassium
entry along the distal tubule was entirely explained by the
higher tubule fluid flow rate seen along that segment.
Studies of Fine et al [18] showed that collecting ducts taken
from uremic rabbits continued to show an intrinsic adaptation
to potassium secretion when studied in vitro. We postulate that
the enhancement of potassium excretion seen along the distal
tubule is due to potassium secretion by the cortical collecting
tubule which most likely is included in the distal segment
accessible to micropuncture in the rat [19].
The mechanism whereby potassium entry is enhanced along
the distal tubule in the GN animals remains undefined. Potas-
sium entry along the distal tubule showed no relationship to
sodium reabsorption, suggesting an effect independent of aldos-
terone. Aldosterone measurements were performed in animals
undergoing micropuncture and in a separate group of animals
that were sacrificed without fasting or surgical stress (though
the levels suggest some degree of stress). In these sets of
animals aldosterone levels were similar. As expected, aldoster-
one levels were higher in the animals surgically prepared for
micropuncture, but on the mean, the GN rats did not have
higher aldosterone levels than the controls.
Studies of the role of aldosterone in the potassium adaptation
in renal failure have produced conflicting results. Some studies
in patients with chronic renal failure have found normal aldos-
terone levels [20—22] while others have found increased levels
[23—25]. Plasma aldosterone levels correlate inversely with
GFR [24]. It is with more marked reduction in GFR than seen in
our animals that increased plasma aldosterone levels commonly
occur [23, 24]. Further, those patients with renal failure who
had elevated plasma aldosterone levels tended to be those with
tubular damage [24, 25]. In those patients it was postulated that
high aldosterone levels and in some cases, a high plasma
potassium level, may be needed in order to restore potassium
excretion to normal levels. In our animals tubule function
would be expected to be relatively well preserved since the
lesion is primarily glomerular. Thus, the results of the plasma
aldosterone measurements in the present study are not com-
pletely surprising. Further evidence that potassium adaptation
in renal failure is not solely mediated by aldosterone comes
from studies in the remnant kidney model: adrenalectomy
followed by the administration of a constant dose of aldosterone
still resulted in adaptation in potassium excretion [2]. Thus,
aldosterone could play a permissive role in the adaptation to
potassium excretion since adrenalectomy does impair potas-
sium excretion. However, it may not modulate the adaptation in
potassium excretion.
Some authors have suggested that the adaptation to potas-
sium excretion seen in renal failure is due to an increase in
sodium/potassium ATPase [3]. Recent studies [26] have empha-
sized that anti-diuretic hormone may promote potassium secre-
tion along the distal tubule. The role of this hormone in
promoting potassium secretion in the GN rats is unknown but
could also be important in the adaptation seen in this model
where potassium secretion is augmented without enhanced
tubule fluid flow rates. It does not seem likely that segments
beyond the distal tubule or deep nephrons have a significant
role in this adaptive process since fractional potassium excre-
tion was actually less than what was delivered out of the distal
tubule.
The results of the single nephron glomerular filtrations rates
are also of interest. Normally the SNGFR measured at the end
of the proximal tubule is higher than that at the beginning of the
distal tubule as in our control group. This is felt to be due to
interruption of loop of Henle flow during the proximal SNGFR
collections. This reduction in loop of Henle flow leads to a
feedback increase in SNGFR in the proximal tubule. However,
in the GN rats this was not found. In these animals SNGFR was
similar at both the proximal and distal puncture sites. This
suggests that tubuloglomerular feedback is disrupted in these
animals. One could postulate that compensatory mechanisms
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have occurred to increase SNGFR towards normal levels.
Interruption of loop of Henle flow would then produce no
further increase in GFR. This could underlie the failure of
patients with renal disease to exhibit a "renal reserve": Amino
acid infusions ordinarily increase GFR, but in patients with
renal disease this does not occur [27]. Further studies will be
needed to clarify this point.
In summary, the present studies assign a prominant role to
the distal tubule in the adaptation seen in potassium excretion in
glomerulonephritis. Potassium secretion along this segment is
enhanced in GN animals and is not due solely to a flow-
dependent enhancement of potassium entry. This adaptive
increase in potassium excretion appears to occur independent
of plasma aldosterone levels.
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